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pAjdjj* &£jZ\ ^Ihi itill tU§ U*i 



jj* 



\M 







i/'^t/'j 



jii 




Jo jj-Vl jl fSUl 



4jj3 Lu >3 q^xjjo) 



>i^ * 



,1 



6 



J (j ( J*l ( J^ W^J^ S^aJ^Jl CJbV jll jJD <jl Jj3 

Lu^j :iLll lift jlj jjjtSlI J^U (>j jjjiiJ! Jjj*Vl o^JI u^< 



(JjalulLuJ (_£jliJI 4 uij^ (j) >AjJ 4 




I 




I 



(JjJxVI (J^J^VI Jo tllljiui dui Jj 

jjjfllj*]! ^Hialj t tUijVI j *LujVI c>ajV (j^jijll u' -^J ^L? ' O^J 1 J J JJ^ (jlj*ll e^M c> 



^J^J u 




U*II cja^^ 



•* ♦* 



J!>H^.VI UUU ^jiaJI 4_ujij jja ^jjjiliuj (jl^>*JI (JliLi 



jl£ < AjUjI j J^JI LjUj J* ^LJaSlI <iUj ^ 




^UjIj a^iLj (3=H ^^^>^ ^-^^j ^j^^P 
J±JI l«£H.t Jll Aiilill ^utfill cjj^I U IJIj 

«* 



jo vja Ji o- JjVi j^aVi J ^jUJi 



S^)jL^Jl jL^a^Jl Cllljiuj CJ*^ ^^ ClLa^lSjj 

<cjll« ^J ^UVI jjj^ ciuJiUj ^jjjsIjxJI j^ 
J^ 4L.U! ^jULJ! JjL^il! CjI^ jUJI Jj>J 



C5^ 



I ol^jl 





4-^jj^JI j^Uiui ^.LLkl AJjL^a clF-j^' c>^j^ ^^ 

^jlc-l ^^ill AliAaJ A lit ^\l 4-ijLij| 4il.AAl (jj^^j *O^JJ L$J^\ J *^J^ (J£ c3'^>*^' A^iLui^ ^JJ 6^!ilj 

^jjjLuLiuLAil j £.!>Li*j! Clllij Uiajl S^ajI a^Aj 4 Aj^)jllaJ Jai^J c .Ixjj-oj! L_ajliJl (j-alll^ c3'^>*^' 



3^^] ^ 



J^ 




Ij Ajj^jI 






jaa^Jj 4 * 




^ 



4 6 




^J jll U* l^L JJ^I jAj bJAC (JA ^J^JAi\ (Jtnlll ^IgjV 




ULoiVI 



I jail 





^■iniUiiiUl 



<>aj*]l j c>ajVI (jxil (J^\ (ji«Jl C5 £jj^V 



AjuLII 4jil£ll ^AjjjliL 6j-^jl jjill jl l_l: 



^£ lg-y-^j JjVI J^a^Q 



JjILj 






<Jlj«JI v^ <*9jl«i( J*ill i±J J^VI JjS 



J-J 



(j-ala-iVlj ^lijVlj Jj^J .. L 



Jala 4 4 <* for. j bji£ ljVVj l$i V»j 













^t^aJl ^.l^ajl aLg! l^oL^a ^Kn ^Ajj^ii. 






♦* * 




4_i^^)i! 6*1A ii^Jjai\AA Ah\\ pjjJaj^J! i (jJJ^a 




CjIJ ^ £ 



^^L 







( ** * 




kVl c^lj^l M*^l <^ Cjl O^ 1 C5^ >J ci'j^ Sj*J! ^ cjSi ^ 






^^aj 4i^ ^i£ ^i Sj.^ni^i 4_ilcVI CjIjLj 




t mi 



C^) -^J- 1 *-* Cj'j*^' c^ ^J^- UJA?J ^J^ L-H^J ^^-«J J^a*ll <jc.Ua jjjj ^Aj I^jjU^j 







ff 




Jib Ul ^ 




A^liaLLa ^"J^ Ij^- <JjJ*il ^l^iu ^i tjfc^>Vl^ LjJ^- fi^ljJ bjjli ^ic^ 






IgWhnj A-jLg_J L_J^]I j aIj^VU 4-iiLJl 

j U /jjill 4j,VnniVi\l <L Jail 



c 




u 




I 




^ojll cjULo, jj si Jill JVil j-i uj^j J^-^' 

jibaJl cr^ (^J^j^ U**^ U^'j UJJ^ ^*J ' 

ji>^iu\ jJjojIjj l^-K ^lj ^-ilj ^ CAjjIxaij AJa^jj La 





U«ij Jjikjl Jkill jJIjiJI c_»U2i3l o^ 



JjUaII *^i*j 6 j^j (j^ij (JA (jl J*il *Uj! Jj^-a (J (J^J 




<UmiLmJI 





^Ul jjaJI 



ju^ai 







-XJ* 



U-i 



(j^JuiJI jjUl Jsjj^ ^ 




■ill 



,ij«]i 



a^jV (jiajjl ^5-^ Lb j-atj ^ SjxlL^j t SjUiwa <Laj£^. jJJ Ifrajfljj aJ ^ijI jlxJl 4_jalijV jiajalj jl JjS 



^LjJa jj aJ^j ^L-al jJajLS 



a^j j-a S J jl jajI ^j t jJJjjq*,^!) *Lajp *s J 



C5 



AjuU 



Loj1^jj>»I 



( a^j| Lajj * C!jl jill j 4JaO £.La <ja IjJJjol} J j 4 L * ^ 

(jl jail cJjJi Jc j^jlJa^j I jjj 4-LuilaJ l ^L^ <] 



Aj&^Sil Uj^\ iteliL jj^iill c> jjV * J^V! 



4J 




•i! 



** ** 



U 




f$iV(3lj»l 




uW ) u^-^ f '■ 1 »- a ^aW-JI u^j^' yt ^^ cs^b 

LulJ jl jl Ajjj (JJJJJUJ LoJ A jL» JiC* JAjAjl -IAI^^iI JJ^I C_Lj JJUdi 



L Lb '^ 



iuISjVI AjSliSVI <i^j jl t AjSiisVi e ^ i u v> 



CjUJk^-aJl j CiUKHit Ajj jxJt 




c> 



UK 




. (jtj*Jt ^V u^ j^ j^ u^^ '^j^ i^V! 

LLala CluUJ 4_iiJ ^J^liS! A^jJ (JC A-ajoiJ j* jA^ ^jj jjLjjj La ujIj 

j^AjIUjVI jl j-al ^ c5^!J^Vl C-iiUli 6 S jJai J jl^JjJ SjLlJL jU14j jlijL ^iLiA jl 4 jj4? j£ 






** ** ** 




^g-^-uij La ^i 6 jjj^j aJ La La! t 4jjil£jVI Aijaull ^i ^jj 

(J^axj JjAjoliLujj i <JJ jail 4-kjaUil ^-^i L_ll jllI jjdi^aJ jl ^il^lLajl jiajtlij! (J^li. j-a UJ^tJ ^^A 3 U^J ' ^^ 

j!>Lk <ja ^1 jxJl i ■ It udl tjuil^ CjM^ LgjL A-i-a^yLujVI ^ J>4 A^a jiajlij j-aj ?SiLiui Cllli (JJJJj^ (JJJ ClbaJ 



W l^iaa 



JljJI CJ> jJSl! l£jjxi JjVI UjlJ....? AjliSVl e iA 






J 




• ^ ^al jjj LaJ AjbIJj V I ^3^' J-*"' J ^— it JC«VI U^ lajLaJl jiaj*J CllJjjJaj t4j*j>S 




djLSlij) )^£a Jj^ ^i ,1^.1 j]l L_fl J^Il jLaJjV I (jjj£^ cP^*-^ cJ^ Cllikjjajl J Cj jI^JjujI J ( "Liij^l 

ijilSM (Jl) £^j\±* Jj^ 2bjL CJ! JU ^j*J! j^ ^ ^lj*il 4JxJJl a^ 1«3jS3jI ^311 Ig^l j=^ ^ 

;l) <^K C^jj ij (Y £Y ) SJaiill ^Vl jljS 

o^ ,j ^j^vi ^^i c^ c^b ^ftn uj^ 



^^ Jj ^ill j ^^Jj^VI 1,-yLaJt A^ jiajlLJl L_ijia]l jA 

Jti\ aSj^1\ Cj!3 ^A C^aull !? ^1 jail C-Jx^l! Jl^j -Ul 



A ))\ ) , _j \xj| t uIaII 

LqLoj fil 



11 



ijaJl ^ ^^Ij L_klVL (s-AJ! L$^ 4-lKM (jl LcjJ U»,<u.n (Ja j ? (JI^aII l^Jj^aJ 

1 •* 



J^^L^C^^ 



jiia 



^Jaij AjSlilVI JjL o^xj Je. p^UaVI J^u 



*ixj ( ^ ) S :UI ^l»a 




(J^l 4-^-J (c^ ^W^t UJ^tJ J' ^*^l (J^ O^S <AiaaJ 4J 

jaj ;<AaJalj <^k]l ja (jLiL ^cuboJJ (Jia-J l^jl fil JJ (Jj ^ 6^Jjoj 

4^11<»<^ljajlSjLjjaijl (Jy^uo ^^Jj^VI (j^ajlLiit jl (JH*^\1 j jiaJl j* (J^J 



l!j*]| ^Ija.Vl L^^ (Jl\ AjSj^VI 



'> 



ilLI 



u^ 



» ♦* ♦** 



jC» pL jt- p!>Lk^ Jjjc a^a ^t^iuj 4j jl jic 4_}3\ijl a_}3j3j 



lull 




4a£j 



,gJa*j( \-^ )S^Lallj JjSj ^La ^i^j . SJj^la aAIj^j 6jcLj 4_ilc» Iju^i'i ^L 



jb j*ii ^ JMI c> 



^jlj^Vl CjIjSII 311k* CjUaLo, ^^ (^ -U ) 



b AjI j^Lgj 4-ia-ui ^c-1±LujJj 4_jJa j) /J^' (J^ ^ »l J iaJ > oj 



L»4 



J 



^lhi 




^jSl 4_L3jj\i]l 4_jV jll J^U, J^ (> AjAI jJl 2^^' J ^' JtJt^ (JJ^ C> ^ J^l C5^ J 



4_jljj*V! CjIjSB Jft 4^jili ^jVj U ^Sl jaJl L^UH 
(1-^ X)SjU1Ij 4 4_j5!jaJ! j^jVl ^ l*a* ujSjUUI j 
ja j-^aJC (J\ ^Jc (JJajJlt plilj 4_j5l jail <*j£^A] 




jjjJajLL^ jX ^\l ^u/ii oi^ <^k^.sh jX^\l ^!)Li^ 

<jSlijVI fc^A JJJ-^ ^L^Jl j^3^]l ^Jl jaJl L-iaj^l j^ 
^A Laj] S ja jll 6^A jl j-c (JjI j L_lajoi]l I^A jli ; 4 ng ^ \ 



^(^ £ ) si-JI jl j 4 I^jm oPjUloll j UaUSI CjIjSII 



** 



J j LU^ll j* U I jjuj Loj djLSlijVI Jj^a ^^-i^ 4-a^ jaa 



JO, 



* ♦♦ ♦♦ •* ** 



J3S1I j 4jla-ill uJj^l ^1& jt cW ( j S^uidl *bci JiVl £* <t3 ( J*^ ( S ^ t> C J 1 ^ ^^ U^" 1 ' 1 " 1 W^ cs^ 



<j-*a jl ^ic Jjjliajl 4jjjJujj (jl jj^I j ^-aill CjV jl^-a LP L>^J 6 ^^Jj^jI £y* J^^' (J-<u^jj S ja>j-a (jj^2 La Lute. 






ub 




I 




4 cly^j^jl j 4jj^JI & jjsj Laj ^^Ij <jj <*-ij-uj J3I j*JI ^c. /-i j;j^ j^^l UJ^ c^L? ' c3^^L$ (c^* c£ j-*^ fj-^*-^ 

•♦ •♦ ** * 




jiaL^I jjL^II ^J\jx1\ \hxA pUjI j* ^li^ill *u*j Jj bite pl*^^ LS&Vdii^ < 4ikJI j|j*]| <>UI 

A-Lo!>LjjVI j 4-Lajiulj 4-illajjl ^LqjLujI p jjjouij J.Wnui j ^ajliAil ^jaJl L-ijLaJl Ljaj) IAj^JlL A LaJill g^Aj 






• •* 



i3j O^j&tt tS^J O^ (J JiJ^ lJ^-i^ ^^Ji 







I 





LuVI 








J 



Ajxjujj (jl^)*jl l3J^ J U^^^'j J^^)^"' ^—^'j^ 4 bS *\\j 4-Lcl ^jLojJaJ (jiJUJ Uu3 <j^aLkj 4-^UjVI 6^ ^j 



(>1 JUi Vj t AJ ^C V (>l ^C Vj t L3lj*il L>ajl AualliVI U ( J^^^' ^ JjflJj . jlj«Jl jj jl^JJ->Vl 

^j>4 <La (JAJ aA jJ^)ii. L-J^pJl a^>^^ -LLujI La£ 4_j^lijVI ^J^xJl 4_^lit j±C* $J*-^ C5^ ^' J^ ^-^^ AJulg uall ^cla 

jl*il AuaUjI l JJ>a jjill u^j^ll ^jl Je. ^l^aVLi t^ltS CJjliijcl^a JiJjll aJIj»1I ^Uj^ljl ix-lLiyl 

jjjji^l CJlt^lLlj jLu.^IIj jjKjVIj u^^ 1 ^ t3^ ( cAj^ 1 ^W^l cr^ aJUjVI j' Jl J^^^' 



(j>a 4_La!iLjjVlj 4_i^j^jIj 4-jiLjll UlcjlLo (j'j ; ( . 1y "^ " J <Jj^-uix]l 4 hM ^i Lu^. ^Jjjg >^">» (J^^' ^-^ ^ 

AjjjJaiAil 4-pt g 7^ \l Ljl jjudjl j l_uIj£]|j ^jjjjAaJlj (jjlx-saii 



IjujJ 




** * 




^j jj jaaii j ji^h uksi s jbsii ajI 



j 



** 



■ ** % 






a1i>.o 




I 2 








•• ♦* ♦* 





1 n'^ ^4 (jjjj^ * ^ »l j4 nl g i ^ \l ^o g,!)lA3ul f^jy&j (JJ '^ ^ " LP^J 6 aJbuij -^^Jj UJ*jI ^ f^J^r ^-SJ_>^I AIujUjI 

b 4jj1^jI uj^ S^juj 

Jl ; jUJt <jSUjVI £>iA ij*ij (j-jiii Jjiij 



^.^jj ^Sl^.j ^jI j ^IW.^ (Jl^-G (J£j Ij3j4 4j!>Lac. j lPU^VI (j-<4 



Ul 




A^al jSjIj L_ijjulllj QlajW ^jjii^ 



r 



^£1 




^j^fr \j'±±z v ijiii dfcjiii 14jIIj> : J^j j& ^* 



JJ* 



lil 



.UJJI <y^| jU* 



jx-HJIJI^Jull 



J<JUUJ 



(jl£ ^Ijjuj ^-J^aII p^jJail AjljojI /J^ IjujIjujI .Xaiu 4jj^)J! 4 )\aC* <jli uA (J^J ■f iul< > " *Oj J ^ -a ^?0* pLdJI 



6J ^ 



1^4 







\ 



y o 



1AJUJ 



IIAjuSI 




o° 




t5 



ill 



C5 



1 1 



u 



JaUi>a j^iU I cJuiajl ^gic £ jjJalt (J^aaJ ^5^ (J I 









^'^ 



Ultraviolet 




C5 



i 1 



u 



laUi-ajj^^]) 1 \\\*\\ qa Ja 



XuJJ £ 



** * 




jA (J'^ji (J-° 6 '^>^-* (j]j 6 ^-« 



<SLL 



C5 



i L 



u 



laUi-^jj^^ll L_Llkll (^Ic* *4*W\a (J$l 




\ 



If* (^>J J* 



** ** 



U£ 



4iUa 4J jj^aSVl /^J^l JjJall J 



C5* 




jJI JjLJI Jc 



** ** ♦♦ 





Elect rgmagnetic Spectrum 






Jai UtfLL ji 




IJiA 



J 




Vi UjlH J^ pij^J 



** ♦* 



4ju$vi 





I 



a 



IjtfM 



j 



1 • t»* • 



(jljjl AjUjuj ^j] 4_jjj-<uI 4juujVI ax^Sj L^ ^L^ 4j^^ (^\ aj^Sj ^.lj>^aJ 



1 



.* ** 



a^VI 



^J ^.t^>A^jl 



»• •* 



AjuSVI c> ^JJ^I SftLutlv a ^l^x^Jl 



^ *• 



<XjojVI <> flj^ 4j!^l (3^11^11 fii^J (Aij^L^] 



I 






j^ j <> 




r 



r 



O* L? 



VI 



k 1 



u 



laUi-ajj^Slt ' aJall (j-« (_$Aa jjSI JlaJ ^^jll cr*j! ^J^J^I ^JUjjVI.cJj 




>• 



J> 



C> 



•• •* 




I 




c> 




i 



** 1 •* 



<JUu4) C buU 



L^.j^ ^ic- 



1 •* 

cJLJaVl Alklo ^J <jjIj^JI 4ju&\ CjUfil ^j*jj 



( ajai^li 4jj£^jI CIsIj^jI 0J)\j\ (j>» ^.lj-<LaJ 



.. ^ 



t nun 

* * ** 



Iaj SjIjVI ^-^ aJL^. ^j L^jj joj ^jlln^ll ji^all ^jja Sj 








I 



•• ** 



AjJaSJt 




43 



IUI 



C5 



i 1 



a 






15* 



j>4 .sjsyi^jj 



■U-ua-J 



v LuJ 



UJJ^J^ ^ % C5^j UJJ^J^ ^ C> C^'-^ <^^ ^^ pl^^Jl 



•• ♦* 



4ju&\ Alklo 



dslxjjl Sjl j^. ^.j^ cJ^ •^ c - 2H^J ^^J^W ^*^l *0'w>^ ^J^ '^ S- 1 ^ C5^ ^*-^ cJJ^ > ^ -^ cJ^il 




.* »* 




,g > ^Sl Jj^aJj <Jjl<4 ^J^ ° * % L>^ S^J^ Sjl^pJl ^.J^ (jV 4_JJ^>a1I 4-1^.j-<i1I JljiaVI /J UikJ ^S (Jj^J ^Aj 



u 



iiiiii 



o*£ 



LUuaJ 



)<jjlx 




> 



% * * 



^j^ JJ^I) (jiaJJ^I (Jjijl (J^ ^JJ^ <S«1a1I ^jjj ^t J > ^i j La*lic ^cA jllll ClsL^.jJ 



di^l jjt Sjl^^JI ^-j^ ^-i^l^jl L^j (j>^>x>\t jq^il (jjS ©jl^pJI CjL^.j^ ^ic LiuLiLUi-^j^£ LL^la xalj a>n^ <JS 



L^.jj ^ic ^.Ij^^j 



.* •• 



AjuiVl <ik 



i-c 



C5*U 



X, 



i. 1 












jS, 


^j-a AjjuIaII 


V- 





LUi-«jj^£ 1. LjJa ujIxjjI ^gjj L^-^J^ l^*J *J^V' ^J^ 



I Sjl j^Jl ^a.jJ CJjbjl UK j 




J 



IjJ 



IjaJi) *\ja*1\ 



** ** 



<^Vl Jo ajLIII AjJjI! 




: U&\ <^J\ s >J J~2 



thermogram ^jij^i Sjj^JI J^j^ ^jj^i sj^Vi ^j^ .thermogram 



C5 



AjluJ 




*» 

^J 





signal-processing sjUiyi ^=Ji^ s^j e >5j .^jj^li cjL^j ji 

LgjLl* ^jj Cjl io^ a\1 <j-a Sij^LaJl Ajjt^pJl Sjjj^all <A^.jliJ Unit 

signal-processing unit SjUSVl 4^Ji~> s^j lU>j .^Uil ^ 



^J*J 



ii^Uj Un-cooled ^W ^j*^j <^j^i Sjlj^ <^j^ ^c lU*j Ua^ 



ajuAj L_fl^)*Jj 6^J^)ilJ iiUij 4i^)iJl Sjl^)^. 4-^p (J-* ij^l Sjl 




Wo^ 



.. .• 



(J^XJ ^^-Vl p^illj JjLoOjl 



O J] J^j Sjij^Ji a^jj ^i cjiSjjili A^j aUxLj ( ydil\ £&j* jAj Cryogenically cooled 



^u 



6 



** ** 





♦* ♦* 



J 6 J4 




e* 








l^jljj jl^ll ^j^a IlkJ jj 4-jJj (j^ull ^) 



B <jjl^pJI s-Ij^^jI 



.. .• 



AjuoiVU (JxaJ I J^l^ aI^JjoiJ 












lP ^ ^jj 11 



J+2l\ *j^ ^J AjjjI! 




^ e uii ^^ii ji ujii ^jii s>J ^^ o^ : Ujiii ^jii sj^i pijj 



j^j ^211 ji 2jiii lJuVi ajL^v ^i-Vl jc dijjj ^sli sj^Vl ^j : ^ ■ Jsli 

.2 r;; Hl Aj>jir^S! 2Jil| aj^jII ^ Jli^^J 

















fcylf£*» 





^Ul jjaJI 



^ij)<nll 





♦ ♦♦ ♦ ♦♦ 



I Hi^l JN ^ 



JJ* 



(4>l 



<y>AA(0lV0M) <jij J$*A* ^J JJI j$d 



^JwJ^l^^Uall j)^5l <J 



<_jl,<.— *» 







** * 



k jl^lj S^lj^C ^oIaaj Sjjj£ L-iSUa 4J CllSjll /ij\i>n\l ajIj S^L^ll JjJaatj JjIaIIjuI l_jj AU Aa^JI 

L_u£ (illi £-*J ^IjuoC- jj! JlS Ia£ lg-^.jjuj JjlaJ AjL^j^alj <1| ^^-l^j JjIaIIxII 4-a^.j C1}j*_ia1I ^^JC 

4_}k (jjZj Ijil* j^l *W^ f^jVl o^*J <J «fe 

. (JUL. U J£ cJ^ Ui) £51 jl! o^jl ^ ^j <a^& ^Ua c^lSa ; a*j 

Vj Ljila (jl^j 4-Loia. Jljjl aJj 



L_flj^aj]| JW-JJ ^j jJ.il I JJJ J^Vl JJJ 





*VjA <jl£fl jJJji^ <fjl^ jj .iiu, 





ikjl 



JtSIl j^Uj <jl£j Ala z&\ ^ja j^L ^ jj fl ujSjUJI Jl^jll AjjiISj jjjj jlLLaJI jl£a t 4jI^ 



,J <ill3 ^j AJilja ^^Jc U^j^i .as (-ja^I J13j< V Jl!Ul! Jjaui t5 i*i *gj <Gla JjoisJ <iU3j .ilg-aJI 

** •* l 



jj.il! jjj ; ujljlj 




j pAljj jjAjjI &Ij3) jj Su^ Sj^SjI .aAjlj cly-^' ^cjLuuuI ja j>«tn \l 



■ ^ 



^jj ^i (jlaJI S-Jj^ ^ Aliawo ^Uj ^il ^1 jSj «jill jjI jj^ll jUc ^ixiJlj 4J IcJj »jill ^Ij-a. 



. 4^U ^Lja5 ^ ^Uj ill ^1 jjj£ ( 3Lk 4u^J ^Jj ^lliil ci'j^ 1 ^J^ 3 

^tc^ll AjLaJLaal 4-Jj^ <&j ; 6j;JC.j j^LoiC <jj! JlS (*J^^ (Jjoua^j U_ji^ a^S LaI j£LaiC jj! JUS ^lau 



o* 



6 



duJUa; jaUII ^-i j^VI (jjl J^jjj 4^ ^jjS ^ic» LJj <^j£j <*jl^.!j <^^La (jj^ll jjj J^UJI iA\a\ 
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